2) The urine bolus volume was calculated closely through a formula which had been developed from the model experiments.
Harada, T., Etori, K., Kumasaki, T., Kigure, T., Nishizawa, O. and Tsuchida, S .
Evaluation of the pelvioureteral function through a new urine bolusmetry: Simultaneous measurement of urine bolus volume and electroureterogarm . Jap. J. Smooth
Muscle Res., 1985, 21 (6) , 467-480. New equipment to evaluate the urine transport function of the ureteropelvic system has been developed . Simultaneous measuremtnt of urine bolus volume and electrical activity in the ureter is possible by means of this equipment.
A urine bolus volume measuring system, which is based on the heat electrical method, is located in the probe tip, and bipolar electrodes for EMG are located in the stem of the Fr. 4 ureteral catheter.
Two kinds of experiments were performed. One was an examination of the new probe through a pervioureteric model using an infusion pump and Nelatons' catheters of various diameters. The other was an animal experiment. The changes in ureteral peristalsis and urine bolus volume in response to diuretics were examined in mongrel dogs through application of this equipment.
The following results were obtained:
1) There was a logarithmic relation between perfusion flow rate in catheters used as ureteral models and the values of voltage depression measured by the heat electrical method.
2) The urine bolus volume was calculated closely through a formula which had been developed from the model experiments.
3) In animal experiments, the bolus volume increased significantly and a tran-
Introduction
The renal pelvis and ureter have physiological importance. Diseases of the pelvis and ureter should produce a greater disturbance in renal function.
The evaluation of ureteropelvic function has been performed by means of radiographic visualization, radioisotope renogram, pressure-flow study by renal pelvic perfusion (Whitaker, R. H., 1973 ), urometry (Kill, F., 1978 and electroureterogram (Fredericks, C. M., Anderson, G. F. & Pierce, M. J., 1972 Tsuchida, S., 1970 . However, by such examination quantitative information on urine transportation could not be aquired accurately. The formation of urine bolus and ureteral peristalsis activity are most impotant in urine transportation. We have raported a new examination "urine bolusmetry" using a Fr. 5 whistle tip ureteral catheter and drop counter, by which urine bolus volume and frequency were measured (Harada, T. et. al., 1983) . This examination was suitable for clinical use pre-and postoperatively on patients with congenital hydronephrosis failing urine bolus formation. However, in case of large caliber of ureter or large amount of urine secretion, the drainage of urine through the ureteral catheter is not sufficient, and then it is difficult to acculately measure urine bolus volume.
The equipmrnt used in the above work was composed of a heat electrical flow meter and an electromyogram. Heat electrical bolusmetry is based heheat-conduction method for measuring blood flow rate in tissues developed by Golenhofen, et al.(1963 
1) Ureteropelvic model experiment
Nelaton's catheters with diameters of 2, 3, 5, 8 and 10 mm were connected to an infusion pump . Saline heated at 37t was perfused through the catheters by a infusion Fig. 1 pump which was stired occasionally just as if urine bolus was passed through the ureter. The urine bolusmetry probe was introduced in to the catheter through small hole which was punched out in the middle portion of the Nelaton's catheter (Fig. 1 ).
The schema of the probe is illustrated in Fig. 2 Nelaton's catheter with a diameter of 3 mm is perfused at a rate of 0.1 ml/sec. a; voltage depression b; during perfusion c; without perfusion 
1) Ureteropelvic model experiments
The voltage in the thermocouple decreased reapidly when the perfusion was started, and stablized in one or two seconds (Fig. 5) . When the perfusion was stopped, the voltage increased rapidly, but it tooks about 15 seconds to completely return to the begining voltage.
The time lapse between the decrease and increase in voltage indicated that the catheter was perfused with saline just like the ureter was perfused with urine. The change in voltage and perfusion flow rate or flow velocity is shown in Table 1 and Fig . 6. There was a logarithmic relation between these two parameters as illustrated in Fig . 7 The correlation coefficient between voltage and flow rate is higher than the value between voltage and velocity.
Though, the voltage depression followed by perfusion has a small range deviation among different inner diameter catheters (on condition that the diameter of the catheter is under 1cm) , the voltage depression is reflected in the flow rate.
2) Animal experiments
Bolusmtries by heatelectrcal and drop counter method were done on dogs . Electrouretero- The mean values of bolus volume were obtained from ten peristalsis, and they are presented in Table 2 . During the oligulic state, the values measured by heat electrical method were lower than those by drop counter mothod. To the contrary, however, the values measured by the heatelectrical method were higher than by the drop counter method during the diuretic state.
The interval of peristalsis in the diuretic stated was shorter than that in oliguric state.
But, there was no significant difference in the peristaltic velocity between the oliguric and diuretic states.
Discussion
In the functional examination of the upper urinary tract, several methods have been reported; for instance, observation of urine stream using by cystoscope, cine-radiographic study (Kiil, F., 1978) , renal pelvic or ureteral pressure measurement (Kiil, F., 1978) There are some parameters in urodynamic examination of ureteropelvic function i. e. urine flow rate, ureteral pressure, velocity of the urine flow, sectional area of the ureter, volume of the urine volus, length of urine bolus and interval of the peristalsis. Usually without remark-able diuresis, urine is transported from the renal pelvis to the bladder by means of urine bolus formation at the site of the ureteropelvic junction and ureteral peristalsis, therefore it is very important to evaluate of urine bolus volume and electric activity of uretral peristalsis.
Experimentally, urine bolus volume or urine flow velocity is measured by the ultrasonic doppler technique (Tsuchida, S. et al, 1975) , urine drop counting (Harada, T. et al., 1983) , magnetic flowmeter or the impedance method. Whitaker's test is recommended in case of detection of upper urinary tract mechanical obstruction. But, there are some minor difficulties in this test, for example, the necessity of invasive nephrostomy, difficulty in detection of fuctional ureteral stenosis (especially in case of huge megaureter (Coolsaet, B.L.E.A., et al., 1980) ) and the impossibility of evaluation of ureteral peristaltic activity.
The renal pelvic pressure does not increase if enough urine bolus is made in accordance with the increase of urine secretion. We have reported the results of urine bolus volme mesurement in cases of congenital hydronephrosis by means of urine drop counting (Harada, T., et al., 1983) . But it is hard to measure accurately in cases of more excessive urine secretion, or dilated ureter under which conditions urine leakage without passage through the catheter becomes a problem. Urometry is one of procedures to examine the urine bolus and ureteral peristalsis, but it does not show the volume of urine bolus, nor does it always present accurate ureteral pressure as the catheter works to obstruct the ureter (Harada, T., et al., 1983) .
Therefore, we have developed new equipment to evaluate urine transport function.
Simultaneous measurement of urine bolus volume and electrical activity in the ureter is possible by means of this equipment. Lutzeyer & Melichow (1969) reported the uro-rheogram which is based on the heat electrical method, but they did not comment precisely on the shape of the wave recorded by uro-rheography. In other words, they did not state whether the amplitude of the wave in uro-rheogram indicates the urine velocity, urine bolus volume or the length of urine bolus.
The heatelectrical method was established by Golenhofen et al. (1963) for measuring blood perfusion rate in tissue. The method is based on the physical principle according to which a heated body loses heat to its surroundings. The heat conduction is, with some limitation, proportionate to the perfusion flow rate of the surrounding medium. The blood perfusion rate of the brain, kidney or gastrointestinal tract was measured by this procedure. It was noticed that peristaltic frequency increased temporally after the administration of diuretics. Constantinou et al. (1974) reported a similar phenomenon. At the maximum urine flow rate, the curve of voltage depression did not recover to the base line. That is to say the sphincteric ring disappeared, and the ureter was filled with the urine column. 
